G out is the most common inflammatory joint disease in men. It displays a characteristic pattern of joint involvement, in particular a striking tendency to affect the first metatarsophalangeal (MTP) joint. [1] [2] [3] In an acute gouty attack, the formation of monosodium urate crystals within the joint causes severe pain 4 ; most patients receive treatment for this pain. However, if patients do not receive proper treatment, tophaceous deposition can advance insidiously, and progressive stiffness and persistent aching of the involved joints often develop. Furthermore, repeat acute attacks can occur because monosodium urate crystals have been deposited within the joints, which can result in tophaceous gout with articular damage. 3 When the damaged articular surface of the involved joint is left untreated, degenerative changes can progress. Therefore, in tophaceous gouty arthritis, surgeons face the dilemma of choosing between preservation of the involved joint and arthrodesis after tophi excision. The goals of this study were to evaluate the characteristic magnetic resonance imaging (MRI) features of tophaceous lesions and to investigate and compare the clinical outcomes of simple tophi excision with those of arthrodesis after tophi excision in tophaceous gouty arthritis of the first MTP joint.
Materials and Methods

Patients
Sixteen feet in 15 consecutive patients diagnosed with tophaceous gouty arthritis of the first MTP joint who underwent surgery between May 2007 and January 2011 were retrospectively reviewed. Surgery was planned after identifying the characteristics of tophaceous deposits by MRI. Nine feet (group A) were treated with simple tophi excision, whereas 7 (group B) underwent first MTP joint arthrodesis after tophi excision. Arthrodesis was performed when the loss of cartilage involved greater than 50% of the entire joint. All patients had first MTP joint pain or functional limitations, despite a minimum of 3 months of conservative management, including immobilization, physical therapy, nonsteroidal anti-inflammatory drugs, and medication for gout. Subsequent arthrodeses were performed in 3 of 9 cases in group A at 6, 8, and 10 months after the initial simple tophi excision because the clinical outcomes were not satisfactory. These 3 cases were not included in group B in this study. There were 10 men and 5 women with an average age of 56.8 years (range, 39-72 years), mean symptom duration of 6.3 years (range, 2-15 years), and mean follow-up of 23 months (range, 14-48 months). There were no significant differences between the 2 groups with regard to age, sex, follow-up period, or duration of symptoms (Table 1) .
Patient Evaluation
All patients were evaluated clinically and radiographically preoperatively and at final follow-up. For clinical evaluation, the visual analog scale (VAS) for pain and American Orthopaedic Foot and Ankle Society (AOFAS) hallux metatarsophalangeal-interphalangeal score were used. The Tegner activity scale 5 was used to determine sporting and activity levels. Although the Tegner activity scale was originally designed to evaluate the knee, it was intended for facilitating outcomes research in sports activity. Patient satisfaction was assessed on the basis of criteria described by Bonney and Macnab. 6 Preoperatively and at final follow-up, weight-bearing anteroposterior and lateral radiographs of the foot were obtained to assess the first MTP joint for progression of degenerative arthritis in group A and for bony union across the fusion site in group B. In both groups, preoperative arthritic changes of the first MTP joint were graded according to the classification of Coughlin and Shurnas. 7 Range of motion of the first MTP joint was also measured preoperatively and at final follow-up in group A. In all cases, gouty tophi were confirmed histopathologically: the tissue specimens demonstrated amorphous tophaceous deposits surrounded by granulomatous infiltrates consisting of multinucleated giant cells and histiocytes. Postoperatively, patients were treated with gout medication depending on their serum uric acid level.
Magnetic Resonance Imaging Analysis
Magnetic resonance imaging was performed with a 1.5-T scanner (Achieva 1.5T; Philips Healthcare, Best, the Netherlands) with dedicated SENSE foot/ankle coil 8 elements. The examination involved obtaining a combination of spin-echo T1-weighted coronal images (repetition time [TR]/echo time [TE], 582.5/10), spin-echo fat-saturated proton density-weighted axial images (TR/ TE, 3708.4/15), spin-echo T2-weighted axial images (TR/TE, 5290.4/90), and spin-echo fat-saturated proton den- 
Statistical Analysis
The Wilcoxon signed rank test was conducted to evaluate changes between preoperative and final follow-up values, and the Mann-Whitney U test was performed to compare results between the 2 groups. Statistical analysis was performed using SPSS version 12.0.1 statistical software (SPSS Inc, Chicago, Illinois), with significance defined as a P value less than .05.
surgical technique
The patient was placed in the supine position under spinal anesthesia, and a thigh tourniquet was used for hemostasis. A linear medial incision was made overlying the first MTP joint, parallel to the longitudinal axis of the first metatarsal bone. Excision of tophi located in subcutaneous tissue was performed gently. A linear capsulotomy was made to expose the first MTP joint. After complete excision of tophi located in the joint space, copious irrigation was performed. After tophi removal, examination was performed to determine the extent of cartilage loss of the first MTP joint. Arthrodesis was performed when the loss of cartilage involved greater than 50% of the entire joint. When the decision was made to fuse the first MTP joint, the joint was prepared for arthrodesis and then internally stabilized with either a 2.7-mm dynamic compression plate (APIS Bone Plate & Screw System; Tradimedics, Gwangju, Korea) or compression screws (BOLD; Newdeal SA, Lyon, France) ( Figure 1 ). The joint capsule was sutured roughly and the skin incision closed with drain insertion. The drain was removed 2 days postoperatively.
Tolerable heel weight bearing without great toe weight bearing was allowed for 4 weeks postoperatively. In group A, patients began active and passive range-of-motion exercises of the first MTP joint 4 weeks postoperatively. Sports and high-impact activities were limited for at least 3 months.
results
Clinical and Radiological Results
Preoperative and final follow-up VAS, AOFAS, Tegner activity scale, and Bonney and Macnab scores and range of motion of the first MTP joint in both groups are presented in Table 2 . Mean VAS, AOFAS, and Tegner activity scale scores significantly improved in both groups at final follow-up (P<.05 for all). There were significant differences in mean VAS and AOFAS scores between the 2 groups at final follow-up (P=.007 and .005, respectively). However, there was no significant difference in Tegner activity scale score (P=.098). Mean range of motion of the first MTP joint was 18.6°±8.0° preoperatively and 13.5°±6.9° at final follow-up in group A; this decrease was significant (P=.020). According to the Bonney and Macnab 6 score, 1 (11%) of 9 cases in group A had a good result and 6 (86%) of 7 cases in group B had good to excellent results; this difference was significant (P=.002). Regarding the preoperative radiological classification by Coughlin and Shurnas, 7 3 (33%) cases in group A had grade I arthritic changes of the first MTP joint and 6 (67%) cases had grade II, whereas 3 (43%) cases in group B had grade II and 4 (57%) cases had grade III. There was a significant association between grade III arthritic changes and severity of cartilage loss (P=.016). In addition, in group 
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A, arthritis progressed radiographically in 6 (67%) of 9 cases at final follow-up (Figure 2) . In group B, serial follow-up radiography revealed good alignment and position of fusion and good bony union across the fusion site ( Figure 1F) . Serum uric acid levels were normalized at final follow-up in both groups, and periodic examinations were recommended.
Magnetic Resonance Imaging Findings
Magnetic resonance imaging findings for all patients are shown in Table  3 . Tophaceous deposits were identified in multiple locations in 10 feet, whereas the remaining 5 feet had an isolated tophaceous mass. Medial sesamoid (47%) was the most common lesion infiltrated by tophaceous deposits. Associated bone erosion and intraosseous involvement of the first metatarsal shaft were seen in 6 (40%) feet. In 2 patients, the second MTP joint was infiltrated by tophaceous deposits. Bone marrow edema was observed in 2 (13%) feet. Ten of 14 patients who had intra-articular tophaceous lesions also had extra-articular lesions, whereas 1 patient had only extra-articular tophaceous deposits without intra-articular involvement. In all intra-articular lesions, destruction of the articular surface of the first MTP joint was noted. Signal intensity of tophaceous lesions was low to intermediate on T1-weighted images, low to high on T2-weighted images, and intermediate to high on fat-saturated proton density-weighted images. Signal homogeneity was homogeneous in 3 feet and heterogeneous in 11. All homogeneous signals were observed only on T1-weighted images (Figure 3) .
Complications
Wound problems, such as focal skin necrosis, were present in 3 cases. These cases underwent debridement of necrotic skin and resuturing. There were no wound infections. In addition, there were 7 (47%) cases of neuropathic pain and numbness in the dorsomedial aspect of the first MTP joint. In these cases, 150 mg of a pregabalin agent was prescribed, and symptoms were relieved in 4 of 7 cases. There was no recurrence of tophaceous deposits in either group, and there was no delayed union or nonunion of the fusion site in group B.
discussion
It has been shown that tophaceous and erosive gout is characterized by enhanced osteoclastogenesis. 8 Monosodium urate crystals can contribute to bone lesions by reducing the activity of osteoblasts, as shown in in vitro experiments, thus inhibiting the healing process of erosions. 9 Moreover, joints affected by gout are also affected by osteoarthritis. Roddy et al 2 reported that depositions of monosodium urate crystals at individual joint sites are associated with the 
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presence of osteoarthritis at a specific joint, particularly the first MTP joint, suggesting that osteoarthritis may predispose to localized deposition of monosodium urate crystals. Mudgal 10 also reported that tophaceous deposits are frequently associated with degenerative changes in the involved joint in patients with tophaceous gout. Therefore, the timing of tophaceous surgery may affect the functional outcome of the joint. Cassagrande 11 reported on the indications for surgical intervention for tophaceous gout, which included removing large tophaceous deposits and improving cosmesis, alleviating symptomatic discomfort, restoring or improving the function of the joint, and eradicating draining sinuses. 11 In these respects, tophaceous deposits that are located intra-articularly should be removed to salvage the joint from degenerative osteoarthritis. In the current study, arthritic changes in the first MTP joint were progressive in 6 of 9 cases in group A at final follow-up. The tophaceous lesions in these 6 cases were found to be located intra-articularly on MRI. In addition, range of motion of the first MTP joint decreased significantly after tophi excision (P=.020). The authors believe this decrease was due to progression of degeneration or arthrofibrosis and sequential pain that developed during movement of the degenerative joint. According to the Bonney and Macnab score, 6 only 1 (11%) of 9 cases in group A had a good result ( Table 2 ). Of note is that the tophi in this 1 case were found to be located extra-articularly on MRI. Accordingly, when tophi are located intra-articularly and cartilage loss is severe, simple tophi excision is insufficient to improve the clinical result. Therefore, the authors recommend first MTP joint arthrodesis after tophi excision, especially when the loss of cartilage involved greater than 50% of the entire joint. In this study, 6 (86%) of 7 cases in group B had good to excellent results (Table 2) . Clinically, there were significant differences in mean VAS and AOFAS scores between the 2 groups at final follow-up (P=.007 and .005, respectively).
Magnetic resonance imaging is not used routinely to evaluate tophaceous gout. Most tophi are located subcutaneously and can be diagnosed easily without imaging studies. However, it is difficult to visualize distribution of tophaceous deposits that are located intra-articularly on plain radiography, and further imaging evaluation may be warranted. Moreover, because gout can present clinically in an atypical or unusual manner, MRI occasionally may be helpful in establishing diagnosis. 12 A few studies have reported the MRI characteristics of such intra-articular tophi.
12-14 Subcutaneous or extra-articular tophi are usually a late manifestation and often occur together with intra-articular tophaceous deposition. Intra-articular tophi can develop early because crystal shedding is assumed to pathogenetically precipitate acute gouty attacks. 15, 16 Ko et al 17 reported the MRI patterns of the knee in 30 patients with tophaceous gout. In their study, extra-articular tophi (6 of 30 patients) were relatively rarer than intra-articular tophi, and in most patients (5 of 6), extra-articular tophi were associated with intra-articular lesions. In the current study, most tophi (9 of 12 patients) were located both intra-and extra-articularly; tophi were located intra-articularly in 2 cases and extra-articularly in 1 case ( Table 3) . According to Poh et al, 18 bone marrow edema is relatively uncommon in uncomplicated gout and much more common and severe in those with concomitant osteomyelitis. In the current study, bone marrow edema was observed in only 2 (13%) feet. Thus, the authors believe that MRI has an important role in the evaluation of patients with gout and, in particular, in helping diagnose superimposed bone infection.
Signal intensity of tophi has been reported to be homogeneous and generally isointense to muscle on T1-weighted images. 12 The reported imaging findings of tophi on T2-weighted images have varied from homogeneous high signal intensity to almost homogeneous low signal intensity [19] [20] [21] [22] ; heterogeneous intermediate to low signal intensity has been reported most commonly. In the current study, signal intensity of tophaceous lesions was low to intermediate on T1-weighted images, low to high on T2-weighted images, and intermediate to high on fat-saturated proton density-weighted images. Signal homogeneity was homogeneous in 3 feet and heterogeneous in 11 feet. All homogeneous signals were observed only on T1-weighted images ( Table 3) .
Surgery for tophaceous gout is associated with a relatively high rate of complications. 23 Improper debridement of tophaceous lesions can result in delayed wound healing or overlying skin necrosis. 23, 24 Because the current authors considered that inadequate soft tissue coverage is an absolute contraindication of fusion, they prepared the local rotational or free flap to provide soft tissue coverage at the time of fusion. However, there were no cases that required soft tissue coverage using the local rotational or free flap. In most cases, the tophaceous masses were large, and little joint capsule and subcutaneous tissue remained after tophi excision. Consequently, focal skin necrosis was observed in 3 cases. These cases underwent debridement of necrotic skin and resuturing. Fortunately, there were no wound infections. Neuropathic pain and numbness occurred in 7 cases, which was a high rate of incidence. The authors used a medial incision to excise the tophaceous masses, and nerve injury may have occurred during this procedure. Therefore, more caution should be taken to avoid nerve injury.
The major limitations of this study are the small number of cases and the relatively short follow-up period. For more accurate evaluation and comparison of the results of arthrodesis after tophi excision with those of simple tophi excision, prospective studies with larger series of cases and longer follow-up are required.
conclusion
In tophaceous gouty arthritis, when tophi are located intra-articularly and loss of cartilage is severe, especially when the loss of cartilage involved is greater than 50% of the entire joint, simple tophi excision is insufficient to improve the clinical result. Moreover, because progressive degeneration of the joint can occur after simple excision, arthrodesis after tophi excision should be considered for the treatment of tophaceous gouty arthritis of the first MTP joint. 
